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IKTRODifCnOS  AND  BACnGSOOID 

A.ir«3ft  veapoa  bays  exposed  to  free  stream  flow  generate  an 
incense  aeroacouscic  coviroanen!:  in  and  around  the  bay-  E^erleacc 
has  caught  that  the  intensity  of  this  eavironsent  can  be  severe  <a:ough 
to  result  in  damage  to  a store,  its  internal  equipment,  or  the  struc- 
ture of  the  weapons  bay  itself.  In  order  to  assure  that  a store  and 
its  internal  equipnent  can  withstand  this  hazardous  environsmt  and 
successfully  c<^lece  their  Emission,  they  nust  be  qualiti^  to  sound 
pressure  levels  representative  of  those  experienced  in  flight.  If  the 
qualification  test  levels  are  coo  high,  the  score  and  its  internal 
equipnent  will  be  overdesigned,  resulting  in  unnecessary  costs.  How- 
ever, if  the  levels  are  below  the  flight  levels,  the  store  or  its 
internal  equip:^t  cay  cacascrephicaHy  fail  during  perforzisnce  of 
the  oission.  Thus,  it  is  desirable  chat  the  actual  fUght  levels 
be  known  with  acceptable  accuracy. 

Based  on  the  above  require^nt,  the  Air  Force  ^'capons  laboratory 
(AEWL)  requested  the  Air  Force  Fii^t  iK-aasics  Laboratory  (AFFSL)  to 
detemine  the  aeroacouscic  enviren^at  encountered  by  a score  carried 
In  the  weapons  bay  of  an  F-Ul  aircraft.  .AFFDL  established  a fli^c 
test  prograis  using  an  instruoented  WU-8/S  (Eonb  Drop  Unic)  to  define 
this  env£roms:nt.  The  store  was  instrur^nted  with  21  saieroahones  and 
21  static  pressure  ports.  Only  the  dynaaic  pressure  results  are 
presented  and  discussed  in  this  report.  The  iostrtn^ted  store  was 
installed  in  an  F-Ul  aircraft  weapons  bay  and  fll^c  tested  by  the 


A 


Asrarsent  IfevelojK:sst  ssd  Test  Center,  ^lin  Air  Force  Ea^,  Florida. 
Ine  fli^t  test  insisted  of  sir  flints  In  wnich  data  were  ojllectcd 
at  c^mstant  pressure  altitudes  of  3,0M,  10,W0,  and  fcet- 

Decailed  descripcioss  of  the  test  article,  instrun^tatioa,  test 
procedures,  and  da^  reduction  prot^edures  are  given  is  Section  11- 
&ction  ill  presests  a detailed  discussi^  of  the  results-  InciiKfed 
Sa  the  discussion  are  effects  of  3iaeh  racdser,  isKigitirfisal  arrf  circcsi- 
fer^tial  locaticKi,  sim  altitude  <k»  the  aeroasnmstic  pr^seres-  Is 
addicios,  equal  sound  pressure  level  castours  detersised  frea  tcse 
s^^^r«»escs  over  cte  store  arc  presented  and  discussed.  Finally, 
conpacisens  of  ocasured  and  predicted  levels  arc  presented.  Section 
IX  offers  a predieticKS  a ebesi  which  espies  the  decemlnstics  of  the 
sound  pressure  distribution  over  a store  in  an  aircraft  weaM^^  bay 
with  a length  to  depth  ratio  near  6 for  Kach  nunber  or  altittsde. 
she  results  for  the  ratire  progran  are  sisnarlred  in  Section 

she  results  of  the  pregran,  sound  pressure  level  distri^tions 
03  the  surface  of  a store  in  a weapons  bay,  can  be  utilize  to  define 
the  aeroacoustic  envircgiaenC  for  the  r^ulred  qualification  tests. 
These  pressure  distributions  can  be  siraslated  in  an  acoustic  test 
facilicy  by  such  s^tl^s  as  source  location,  ducting, 
baffles,  and  absorptias-  Ibis  sinalati«tt  provides  a cost  eff^- 
tivc  rethod  for  qualifyJag  the  store  for  an  intense  aeroa^^sefe 


envirossmt. 
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1.  Test  Article 

A E3T-3/B  (Boc3  Stop  C=it)  «3s  f=scalled  in  the  seapccs  ha-. 
«sit  is  16S  isc^s  IsK-g.  f33s  an  IS  Inch  din:nEter,  '~fji 

nc^^s.  Figsire  1 is  a pietsrrc  *f  the  EC-S/S  installs  is  tcse  r-iij 
airerafc  «eapess  hay,  "ffie  insert  is  tsm  ^sgca-e  illsstracfes  the 
locatica  ef  the  store  fa  the  seajass  b^- 


2.  Isstnsaestatioa 

The  test  issroz^tscioa  cossfstisJ  of  21  Csitcs  K7A-Z12''  aicro- 
P^^s,  21  Sell  & as^U  T 3 PSI  Pres^rc  Tr;:ssd3cers  asd  I Sell  i 
&>^''cll  15  PSi  ?res&:rc  Trsssdscer.  T^  locations  of  r!*  Efcrcpheses 
the  “ 5 PSs  Pr^^rerc  Tiassdsfers  are  shac5  is  Fi^;rc  2-  T3e 
33C  recer.^®!^!^ 
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FIGURE  3 BDU-.5/B  DATA  ACOUISITION  SYSTEM 


IRIG  B Time  Code  which  was  also  recorded.  The  instrument  power  was 
provided  by  the  F-lll's  28  VDC  power. 

3.  Test  Procedures 

Flight  data  were  obtained  fcr  constant  pressure  altitudes  of 
3,000  feat,  10,000  feet,  and  30,000  feet  during  accelerated  flight 
and  constant  Mach  numbers.  The  Mach  number  ranges  for  the  accelerated 
flights  were  approximately  0.75  to  0.97,  0.75  to  1.06,  and  0.75  to  1.3 
respectively.  The  constant  Mach  number  runs  were  performed  for  each 
altitude  at  Mach  numbers  of  0.7,  0.8,  0.85,  0.9,  and  0.95.  All  data 
were  obtained  in  six  flights.  The  flight  tests  were  performed  at 
Eglin  Air  Force  Base,  Florida.  The  data  obtained  in  flxght  were 
recorded  on  an  FM  magnetic  tape  recorder  for  later  reduction  and 
analysis  in  the  laboratory. 

4.  Data  Reduction  Procedures 

Data  reduction  in  Che  laboratory  of  the  magnetic  tapes  recorded 
in  flight  consisted  of  overall  sound  pressure  levels,  one-third  octave 
band  spectra,  and  narrowband  spectra.  A General  Radio  Model  1921/26 
Third  Octabe  Analyzer  was  used  to  calculate  the  sound  pressure  levels 
which  were  then  plotted  with  a Gould  Model  4800  plotter.  The  narrow- 
band  spectra  were  generated  digitally  by  a Raytheon  704  processor 
using  a bandwidth  of  1.83  Hz  and  a data  sample  length  of  7.7  seconds. 


SECTION  III 


DISCUSSION  OF  RESULTS 


1.  Introduction 

In  this  section  the  results  of  the  flight  tests  are  presented 
and  discussed.  The  effect  of  Mach  number  on  the  data  is  presented 
first.  Variations  over  the  entire  surface  of  the  BDU-8/B  were  deter- 
mined but  only  those  variations  along  the  bottom  of  the  store  are 
presented  in  this  report.  The  variation  of  the  fluctuating  pressure 
levels  as  a function  of  the  longitudinal  location  are  discussed  next. 
Circumferential  variation  at  four  longitudinal  locations  is  the  third 
area  discussed.  The  effects  of  flight  altitude  are  the  fourth  area 
presented  and  include  data  from  three  locations  on  the  store  for  each 
of  the  altitudes  flown.  Normalized  equal  sound  pressure  level  contours 
developed  from  the  measured  data  are  then  presented.  These  contours 
show  the  sound  pressure  level  over  the  entire  surface  of  the  store 
for  any  altitude  or  Mach  number.  Contours  for  the  one-third  octave 
band  modal  frequencies  as  well  as  the  overall  levels  are  included. 

The  measured  levels  are  then  compared  to  predicted  levels  where 
comparisons  are  made  to  data  from  the  front,  middle,  and  rear  of 
the  store.  Narrowband  analysis  was  performed  on  data  from  every 
microphone,  however;  only  three  typical  spectra  are  presented.  The 
last  topic  in  this  section  is  a comparison  to  past  data.  Acoustic 
data  (Reference  15)  obtained  from  the  surface  of  a Pheonix  missile 
being  carried  in  an  F-111  weapons  bay  was  compared  to  the  current 


data. 


SHCTION  III 


DISCUSSION  OF  UFSULTS 

1 . InlrotlucL  ion 

In  tills  section  the  results  of  the  flight  tests  arc  presented 
and  discussed.  Tlie  effect  of  Mach  number  on  the  data  is  presented 
first.  Variations  over  the  entire  surface  of  the  BDU-8/B  were  deter- 
mined but  only  those  variations  along  the  bottom  of  the  store  are 
presented  in  this  report.  Tlic  variation  of  the  fluctuating  pressure 
levels  as  a function  of  the  longitudinal  location  are  discussed  next. 
Circumferential  variation  at  four  longitudinal  locations  is  the  third 
area  discussed.  The  effects  of  flight  altitude  are  the  fourth  area 
presented  and  include  data  from  three  locations  on  the  store  for  each 
of  the  altitudes  flown.  Normalized  equal  sound  pressure  level  contours 
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developed  from  the  measured  data  are  then  presented.  These  contours 
show  tlie  sound  pressure  level  over  the  entire  surface  of  the  store 
for  any  altitude  or  Mach  number.  Contours  for  the  one-third  octave 
band  modal  frequencies  as  well  as  the  overall  levels  are  included. 

The  measured  levels  are  then  compared  to  predicted  levels  where 
cbmparisons  are  made  to  data  from  the  front,  middle,  and  rear  of 
tlie  store.  Narrowband  analysis  was  performed  on  data  from  every 
microphone,  however;  only  three  typical  spectra  are  presented.  The 
last  topic  in  this  section  is  a comparison  to  past  data.  Acoustic 
data  (Reference  15)  obtained  from  the  surface  of  a Pheonix  missile 
being  carried  in  an  F-111  weapons  bay  was  compared  to  the  current 
data. 
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2. 


Mach  Number  Variation 


Mach  number  variations  in  the  one-third  octave  band  spectra 
from  the  six  microphones  located  along  the  bottom  of  the  BDU-8/B 
are  shown  in  Figures  4-9.  The  data  are  for  a constant  30,000  foot 
altitude.  One-third  octave  band  levels  increased  by  10  to  15  dB 
for  most  frequencies  and  locations  on  the  bomb  when  the  Mach  number 
increased  from  .8  to  1.3.  Previous  wind  tunnel  and  flight  test 
results.  References  3,  4,  and  12-14,  indicate  comparable  increases 
for  similar  flight  conditions  and  cavity  geometry.  The  spectra  at 
the  front  of  the  bomb  (microphone  1)  are  different  than  the  spectra 
of  other  locations.  The  peak  broadband  level  for  the  microphone  1 
data  occurs  at  a frequency  less  than  100  Hz  while  the  spectra  from 
the  other  locations  generally  peak  at  a frequency  well  above  100  Hz. 

A possible  explanation  for  this  difference  lies  in  the  fact  that 
microphone  1 was  located  on  the  nose  of  the  bomb  and  remained  well 
out  of  the  shear  layer.  The  other  locations  along  the  botton  of 
the  bomb  were  close  enough  to  the  shear  layer  that  it  could  impinge 
on  the  surface  of  the  bomb  and  generate  the  high  frequency  energy 
that  is  displayed  in  the  spectra. 

The  Mach  number  effects  on  the  overall  sound  pressure  level, 
derived  from  Figures  4-9,  are  shown  in  Figure  10.  The  overall  levels 
are  seen  to  increase  at  each  location  about  10  dB  with  a change  in 
Mach  number  from  0.8  to  1.3.  Increases  in  the  overall  levels  of 
approximately  10  dB  were  anticipated  since  the  levels  are  reported 
(Reference  16)  to  scale  with  the  free  scream  dynamic  pressure  (q) . 
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FIGURE  5 MACH  hlHSHl  VARIATION'  OF  ON-E-THIRD  OCTAVE  BASD  SPL  SPECTRA  FROM 
MICROFriONE  4 AT  30,000  FOOT  ALTITUDE 
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KACa  KCSBl  VARIATIO:?  OF  ON-E-THIRD  OCTAVE  EAKD  SPL  SPECTRA  FRWI 
HldfflKWN-E  15  AT  30,000  FW>T  ALTITUDE 
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For  3 ccctscanc  altitcsfe,  orse  predicts  an  incr^se  of  over  8 19  tor 
trie  Kach  nssrier  range  inve&tisated. 

3-  Lssigicadinai  Variacioa 

Ine  overall  levels  sfscaja  in  Figure  10  increase  by  approTfcsEcly 
25  d5  fron  chc  frest  to  t!%  rear  of  the  store.  Icis  iccr^se  is 
illnstratcd  in  Figure  11  for  the  entire  spectrins.  Tf^  spectra  shosm 
is  the  figure  are  for  an  altitude  of  te&t  and  a Itoch  ctnacr 

of  1.2.  One-third  octave  baad  levels  increase  by  as  mKfc  as  35  d3. 
lincreases  os  the  order  of  20  dS  have  been  resorted  {Reference  16> 
fren  wind  tunnel  cocci  and  flight  tests.  A possible  eralanatis^  for 
this  diffccesce  is  the  cerrest  sessuresents  were  tssde  on  the  scrSsce 
of  the  store  while  cost  earlier  data  were  obtain^  froa  transdi^ers 
mucced  in  the  cavity  walls.  Ihis  coold  have  a significant  fsEli^sjce 
«2  the  differences  being  observed-  A &srtl^r  e:^lanatiea  for  this 
differtece  is  that  the  F-Hl  weapons  bay  CiXS  rsst  have  clean,  Krotli 
w^lls  as  did  the  vied  tunnel  arw!  Oi^t  test  nedels  ««i,  in  particular, 
the  friKis:  wall  of  the  wea?<ss  bay  is  rsot  a well  deffn^  refJ.«Kting 
plane.  Finally,  relative  cavity  diaeisions  could  have  an  eff^t 
on  the  variation  froa  the  frtat  to  the  rear-  At  profit  it  is  £»t 
ksowa  whether  the  cavity  scale  size  has  a sfgaifiisnt  eff^t  %m  the 
flow  induced  pressure  osciliatiens.  Ihe  comnests  above  t«w  to 
explain  the  lower  sosn^  pressure  levels  observe  at  the  terct  of 
the  bay  which  thus  explain  the  larger  iccr^se  fr«u  the  tr«it  to 
riar  of  the  Inkw*. 
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ONE-THIRD  OCTAVE  BAND  SOUND  PRESSURE  LEVEL  - dB  RE  20  uN/M 


The  highest  pressure  does  not  occur  on  the  rear  of  the  bomb;  it 
occurs  at  some  location  shortly  ahead  of  the  rear.  This  is  illus- 
trated in  Figure  11  where  the  spectrum  from  microphone  15,  located 
approximately  three  feet  from  the  rear  of  the  store,  is  2 to  10  dB 
higher  than  the  spectrum  from  microphone  19,  located  six  inches  from 
the  rear  of  the  store.  Previous  results  (Reference  3)  indicated  the 
same  tendency.  The  results  for  the  other  Mach  numbers  and  altitudes 
tested  displayed  similar  trends  to  those  discussed  above. 

k.  Circumferential  Variation 

There  were  four  locations  on  the  BDU-8/B  where  microphones  were 
located  on  each  side,  top  and  bottom  at  a given  longitudinal  location. 
Data  obtained  from  these  locations  permitted  an  estimation  of  the 
circumferential  variation  of  the  SPL  on  the  surface  of  the  store. 

As  shown  in  Figure  2,  these  locations  were  at  stations  (inches  _rom 
the  nose)  29,  51,  120,  and  154.  Figures  12  through  15  illustrate  the 
circumferential  variations  for  the  various  locations  on  the  bomb. 
Several  trends  are  apparent  in  the  data.  Figure  12  shows  the  vari- 
ations between  microphones  2,  3,  4,  and  5 for  an  altitude  of  30,000 
feet  and  Mach  number  of  0.95.  The  narrowband  energy  at  the  cavity 
modal  frequencies  as  defined  by  the  Modified  Rossiter  equation  (see 
section  8)  is  quite  evident  and  is  the  highest  on  the  side  of  the 
store  towards  the  center  of  the  weapons  bay.  The  modal  frequency 
amplitudes  are  lowest  on  the  bottom  of  the  store.  At  somewhat  higher 
frequencies  (above  approximately  100  \lz)  the  sound  pressure  level  on 
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FIGURE  12  giRCUMFERENTIAL  VARIATION  AT  STATION  28  OF  ONE-THIRD  OCTAVE  BAND 
SPL  SPECTRA  FOR  A MACH  NUMBER  OF  0.95  AND  A 30,000  FOOT  ALTITUDE 
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FIGURE  14  CIRCUMFERENTIAL  VARIATION  AT  STATION  120  OF  ONE-THIRD  OCTAVE  BAND 
SPL  SPECTRA  FOR  A MACH  NUMBER  OF  0.95  AND  A 30,000  FOOT  ALTITUDE 
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the  bottom  side  of  the  store  increases  above  the  other  three  locations; 
this  may  be  caused  by  the  shear  layer  impingement  on  the  store. 

The  increased  amplitude  at  the  higher  frequencies  on  the  bottom 
of  the  bomb  are  even  more  evident  in  Figure  13  for  microphone  array 
6,  7,  8,  and  9 at  station  15.  The  side  of  the  store  towards  the 
center  of  the  weapons  bay  still  displays  the  highest  level  at  the 
lower  frequencies.  Further  back  on  the  bomb  at  station  120,  micro- 
phone array  13,  14,  15,  and  16,  the  bottom  of  the  store  still  shows 
the  highest  amplitude  at  the  higher  frequencies  (Figure  14).  However, 
the  amplitude  at  the  cavity  modal  frequencies  appears  to  be  the  highest 
on  the  side  of  the  bomb  nearest  the  wall.  This  is  the  opposite  of 
what  was  measured  at  the  front  of  the  bomb.  No  reason  for  this  change 
is  readily  apparent.  The  array  (microphones  17,  18,  19,  and  20)  near 
the  rear  of  the  bomb,  station  154,  displayed  similar  trends  as  those 
at  station  120.  That  is,  for  the  higher  frequencies,  the  bottom  of 
the  bomb  displayed  the  highest  sound  pressure  levels  and  for  the 
lower  frequencies,  the  left  side  of  the  bomb  displayed  higher  levels. 

5.  Altitude  Effects 

Investigators  in  the  past  (References  4,  16)  have  shown  that  in 
general  the  fluctuating  pressure  amplitudes  for  a fixed  Mach  number 
in  an  open  cavity  vary  with  the  free  stream  dynamic  pressure  "q." 
However,  it  was  shown  in  Reference  13  that  there  may  be  locations 
in  the  weapons  bay  (or  cavity)  which  do  not  scale  very  well  with  q. 
Figures  16  through  18  present  spectra  for  the  three  test  altitudes 


ALTITUDE 


3000  ft 

10000  ft 

— 3000G  fc 


FREQUENCY  - HZ 

FIGURE  16  ALTITVUE  EFFECT  ON  ONS-THliO  OCTAVE  BAND  SPL  SPECTRA  FROM 
^aCROPHONE  8 FOR  A IXOH  NUMBER  OF  u.35 


of  3,000,  10,000,  and  30,000  feet  from  nicrophone  locations  8,  14, 
and  19-  The  difference  between  the  3,000  feet  and  10,000  feet  data, 
for  all  three  cases,  is  2 to  3 dB.  Also  the  difference  between  the 
3,000  feet  and  30,000  feet  data  is  approxinately  10  dB.  This  shows 
good  scaling  with  altitude  because  Che  predicted  differences  are 
2.3  dB  and  9-6  dB  respectively.  It  was  concluded  in  Paragraph  3 of 
this  section  that  the  sound  pressure  levels,  for  a fixed  altitude, 
scale  well  with  Mach  nucber.  Thus  it  can  now  be  concluded  that  for 
any  altitude  or  Mach  nunber  the  levels  will  scale  reasonably  w'eil 
with  q.  Data  froa  all  of  the  other  nicrophone  locations  also  scaled 
well  with  the  free  strean  dynanic  pressure. 

6.  Equal  Sound  Pressure  Level  Contours 

In  order  to  cote  fully  define  the  fluctuating  pressure  environ- 
ESint  over  the  surface  of  the  score,  equal  SPL  contours  were  developed 
for  various  flight  conditions.  Figures  19  through  22  present  the 
overall  SPL  contours  for  Mach  nacbers  0.3,  0.95,  1.1,  and  1.3  for 
the  30,000  foot  altitude.  Tlie  longitudinal  centerline  in  the  figures 
represents  the  top  of  the  faocb  while  the  sidelines  represent  the 
bottoa  of  the  boab;  thus,  the  entire  surface  of  the  bocb  can  be 
viewed.  Contours  are  shown  for  every  4 dB  change  in  the  SPL  with 
the  tics  pointing  in  the  direction  of  decreasing  levels.  The  figures 
reveal  that  the  intensity  increases  fairly  unifornly  for  the  first 
one-third  of  the  store.  At  this  point  the  levels  becoite  elss  uniform 
and  tend  to  display  maximum  and  minimum  regions.  By  comparing  the 
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FIGURE  22  OVERALL  EQUAL  SOUND  PRESSURE  LEVEL  CONTOURS  FOR  i^CII  NUMBER 
1.3  AT  30,000  FOOT  ALTITUDE 


four  figures,  it  appears  that  there  are  no  significant  variations  in 
the  contour  patterns  with  Mach  number. 

Equal  sound  pressure  level  contours  were  also  determined  for  the 
first  three  modal  frequency  amplitudes  determined  from  the  Modified 
Rossiter  equation  (see  section  8) . The  results  are  shown  in  Figures 
23  through  25  for  modes  1,  2,  and  3 respectively.  In  general  there 
is  little  difference  in  the  contour  patterns  for  the  three  modal 
frequencies.  References  3,  4,  and  12-16  have  shown  that  each  modal 
frequency  amplitude  prefers  a specific  longitudinal  mode  shape,  i.e., 
mode  one  displays  one  node,  mode  two  displays  two  nodes,  etc.  These 
mode  shapes  were  very  predominate  for  cavities  with  length-to-depth 
(L/D)  ratios  of  2 to  4 but  much  less  predominate  for  L/D  ratios 
greater  than  4.  Since  the  L/D  ratio  of  the  F-111  weapons  bay  is 
greater  than  7,  only  low  amplitude  mode  shapes  were  anticipated. 

Since  there  is  little  difference  in  the  contour  patterns  of  the  three 
modal  frequencies,  it  is  concluded  that  essentially  no  longitudinal 
modes  existed  on  the  surface  of  the  store. 

7.  Comparison  to  Predicted  Levels 

Methods  are  presented  in  Reference  16  to  predict  the  fluctuating 
pressure  environment  in  rectangular  cavities  with  various  length-to- 
depth  ratios  for  any  longitudinal  location  in  the  cavities.  These 
equations  also  account  for  variations  in  Mach  number,  altitude  and 
modal  frequency.  They  were  used  to  predict  the  environment  on  the 
BDU-8/B  and  this  predicted  environment  was  compared  to  the  measured 
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E FIRST  MODAL  FREQUENCY  (16  Hz)  FOR  MACH  NUMBER 
,000  FOOT  ALTITUDE 


FIGURE  24  ONE-THIRD  OCTAVE  BAND  EQUAL  SOUND  PRESSURE  LEVEL  CONTOURS  FOR  THE 
SECOND  MODAL  FREQUENCY  (39  Hz)  FOR  MACH  NUMBER  0,9  AT  30,000  FOOT 
ALTITUDE 


FIGURE  25  ONE-THIRD  OCTAVE  BAND  EQUAL  SOUND  PRESSURE  LEVEL  CONTOURS  FOR 
THE  THIRD  MODAL  FREQUENCY  (60  Hz)  FOR  MACH  NUMBER  0.9  AT 
30,000  FOOT  ALTITUDE 


levels.  The  comparisons  afe  shown  in  Figures  26-28  for  microphones 
20,  12,  and  1 respectively.  Figure  26  shows  that  the  predicted 
levels  at  the  rear  of  the  bomb  agree  fairly  well  with  the  measured 
ones  falling  only  about  6 6o  8 dB  above  them  for  most  frequencies. 

The  data  presented  in  Figure  27  are  from  the  midpoint  of  the  bomb 
and  reveal  that  the  predicted  levels  are  about  15  to  20  dB  too  high 
at  the  lower  frequencies  (below  500  Hz) . Figure  28  displays  the 
data  from  the  front  of  the  bomb.  A 20  to  25  dB  difference  between 
Che  measured  and  predicted  levels  exists  at  this  location.  These 
figures  indicate  a trend  uf  decraasing  agreement  between  the  predicted 
and  measured  levels  from  the  rear  to  the  front  of  the  bomb.  An 
explanation  for  this  trend  was  given  in  section  2,  "Mach  Number 
Variation"  where  it  was  shown  that  the  full  scale  flight  data  tends 
to  show  larger  decreases  in  the  SPL  from  the  rear  to  the  front  chan 
the  predicted  ones  possibly  because  (1)  the  scaling  effects  of  the 
cavity  influence  the  variation  in  levels,  and  (2)  the  full  scale 
cavity  is  normally  cluttered  as  compared  to  the  research  cavities. 
Also,  the  predictions  were  based  on  data  obtained  from  the  wall  of 
the  cavities  while  the  present  data  were  obtained  from  the  surface 
to  the  store. 

8.  Narrowband  Spectra 

Narrowband  analysis  was  performed  on  selected  data  from  every 
microphone.  Spectra  were  obtained  over  the  ^fach  number  range  of  the 
test  at  each  of  the  three  altitudes.  Tlie  analysis  was  performed  up 
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to  5000  Hz  but  onl}.'  datj;  'v  to  120  Hz  are  presented  since  there  was 
no  significant  energy  above  that  frequency- 

Figures  29,  30,  and  31  present  the  narrowband  spectra  for  nicro- 
phones  1,  8,  and  20  respectively.  These  data  are  typical  for  aost  of 
that  analyzed.  Most  of  the  energy  is  located  in  the  low  frequencies, 
the  nodal  frequencies  of  the  cavity-  Tliese  frequencies  are  predicted 
by  the  codified  Rossiter  equation 


f = -M.  n - 0.25 

^ — 2^  + 1.75 

(1  -r  -2.M  ) ^ 

where  V is  the  frecstreas  velocity,  L is  the  cavity  length,  M is  the 
frcestrean  Ha=h  nucber  and  o is  the  nodal  frequency  nunber.  The  pre- 
<^lcted  tirst  three  stdal  frequencies  show  very  good  agreecent  with 
this  equation. 

9.  Cocparison  to  Fast  Data 

In  1967,  a flight  test  was  perforced  on  an  F-111  aircraft  with 
a Phoenix  nissile  installed  in  the  weapons  bav.  Linited  acoustic 
data  were  obtained  on  the  surface  of  the  nissile.  The  results  of 
the  test  are  docunented  in  Reference  15. 

The  acoustic  cats,  were  acquired  fron  two  nicrophones.  One 
aicrophone  was  located  on  the  forward  section  of  the  nissile  in  about 
the  sane  loca>.xon  as  Dtcropnone  8 on  the  store  used  in  this  test. 
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FIGURr  29  NARRCRiBAND  SPECTRA  FROM  MICROPHONE  1 FOR  1.1  MACH  NUMBER  AND 
30,000  FOOT  ALTITUDE 


“etc  <*tfier  rfcropIi'Kie  vas  Locsc&a  toitfartfs  cite  of  ero  “issile  no-isr 


the  locatiKi  of  “icrophetic  IS  {tx^  this  test.  In  E!sis  study  the  store 
Mas  installed  ia  the  left  side  of  the  w'eajsoas  Bay  %Axle  the  Hsoeni- 
•-^s  located  oa  the  ri.?uit  sice.  The  present  data  indicated  that  there 
are  variatloas  in  the  acoustic  eaeirc-n3sr.t  froa  side  to  side  when  the 
store  is  asynsetrically  installed.  Ttius,  to  eifninate  this  source  of 
difference,  data  fron  nicropfs^e  17,  which  was  on  the  opposite  side  of 
the  store,  was  cor^red  to  the  Pi^fcnis  data.  Microphone  locations  arc 
shisra  in  Figure  2. 

The  data  are  ccnpari^  on  a power  spectral  c»sity  basis 
the  results  are  shown  in  Fibres  32  and  33.  Figure  32  shews  the 
conparison  of  the  data  frets  else  front  of  the  scores,  the  data  are 
Cor  a Mach  nunher  of  0.85  and  as  altitude  of  3,C^  feet  and  2,000 
feet  for  the  cerr«it  store  and  Pboesia  cissHe  respectively.  Hie 
cavity  excited  frequencies  are  clearly  evidrat  for  the  EKT-S/B  but 
are  cuch  Ics?  obvious  for  the  Frenis  slssilc.  Also,  the  FSx^ais 
data  appear  to  be  i-5  dB  hi^»er  than  the  current  data  for  all  fre- 
queacics  belw»  1,CXM  Kz  except  for  the  cavity  edited  fri^quenties, 
Cor^arison  of  the  data  at  the  rear  of  Che  stores  is  shown  is  Fi^re 
33.  The  data  are  for  a Mach  nurnnsr  of  0,9  a:w  the  PSw^fx 

are  for  the  0.97.  The  altitudes  are  30,C»3O  feet  and  36,776  fe'ot 
respectively.  The  differences  In  the  data  for  the  rear  cf  the 
stores  are  very  sisiiar  to  that  at  the  front.  Hw  caolcy  e»cit^ 
frequencies  are  seen  to  vary  soa^-hai  for  each  sccre.  The  variacion 
Is  largest  for  the  lowest  frequsacy.  Ilowever,  considering  tfiat  these 
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FIGURE  33  COMPARISON  OF  BDU-8/B  DATA  TO  THE  PHOENIX 
DATA  FOR  THE  AFT  LOCATION 


are  two  independent  flight  tests  with  different  stores,  the  data 
show  good  agreement. 


SECTION  IV 


ENVIRONMENT  SIMULATION 

It  is  desirable  to  simulate  the  in-flight  fluctuating  pressure 
environment  of  a store  in  an  acoustic  test  chamber.  This  would  per- 
i:.it  the  performance  of  vibration  qualification  tests  on  the  store's 
sensitive  internal  equipment.  In  order  to  conduct  such  tests,  the 
fluctuating  pressure  distribution  over  the  surface  of  the  store  is 
needed  for  any  given  flight  conditions.  This  section  offers  a method 
to  obtain  these  distributions. 

Figures  19  through  25  presented  equal  sound  pressure  level 
contours  over  the  surface  of  the  bomb  for  various  flight  conditions. 
For  the  purpose  of  simulation  the  trends  in  these  figures  are  sum- 
marized in  Figure  34. 

It  should  be  kept  in  mind  that  the  entire  surface  of  the  bomb  is 
shown  in  the  figure,  that  is,  the  bomb  was  unwrapped.  The  centerline 
represents  the  top  of  the  bomb  and  the  side  lines  are  the  bottom. 

The  major  trends  are  an  increase  in  the  overall  sound  pressure  level 
from  the  nose  back  to  about  the  one-third  position  on  the  bomb.  From 
chat  position  the  levels  remain  fairly  constant  along  the  top  to  the 
rear  of  the  bomb.  However,  the  levels  along  the  bottom  decrease  10 
dB  and  then  increase  the  same  amount  towards  the  rear.  The  sound 
pressure  level  at  the  nose  varies  with  Mach  number  and  altitude,  that 
is,  the  free-stream  dynamic  pressure.  A normalized  expression  which 
considers  these  variations  was  found  to  be 
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10  log(P  nose/q)  = -35  dB 


where  q is  Che  freescreara  dynamic  pressure  and  ? is  the  overall  rms 
sound  pressure  at  the  nose  of  the  bomb.  Using  this  expression  and 
the  equal  sound  pressure  contour,  the  absolute  overall  levels  on 
the  entire  surface  of  the  bomb  can  be  determined.  For  a complete 
definition  of  the  environment,  the  spectrum  shape  of  the  surface 
pressures  must  be  known.  An  average  one-third  octave  band  spectrum 
shape  was  derived  from  the  measured  data  and  is  shown  in  Figure  35 
where  the  levels  are  references  to  the  overall  level.  This  spectrum 
shape  is  recommended  for  the  entire  surface  of  the  bomb. 

With  knowledge  of  the  overall  levels,  surface  distributions 
and  spectrum  shape  the  complete  environment  can  be  simulated  in  an 
acoustic  test  facility  and  reliable  vibration  qualification  tests 
can  be  performed. 
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SECTION  V 


SUMMARY  OF  RESULTS 

The  principle  results  determined  from  the  flight  tests  are 
summarized  as  follows: 

1.  The  fluctuating  pressure  levels  on  the  surface  of  the 
bomb  scale  well  with  freestream  dynamic  pressure,  that  is,  with  Mach 
number/altitude  pressure. 

2.  The  levels  on  the  surface  of  the  bomb  increase  from  the 
front  to  the  rear  by  about  30  dB. 

3.  Predictions  resulting  from  the  methods  in  Reference  13 
compare  well  to  the  measured  levels  on  the  rear  of  the  bomb  but  vary 
significantly  towards  the  front. 

4.  There  are  significant  circumferential  variations  in  the 
levels  on  the  surface  at  severax  longitudinal  locations. 

5.  The  equal  fluctuating  pressure  level  contour  for  the 
surface  of  the  bomb  vary  only  a small  amount  with  changes  in  Mach 
number  or  modal  frequency. 
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